Abstract-There are some deficiencies such as inconsistency, oversize waist, and sharp corner in the cross-section of the welding seam. Orthogonal test is conducted under different speed, defocus, and offset. The metallic phase of the seam is observed by using electronic microscope. By analyzing the results of Erichsen test and tensile test, the effect of processing parameters on the performance of the seam is studied. The results show that deep punching performance will be improved and the waist will be reduced when the welding speed is increased. If the defocus is a quarter of the thick blank thickness and the offset value is 0.1mm, the surface of the welding seam will be smooth.
INTRODUCTION
Laser welding is a modern welding process which makes the steel or aluminum blanks of different materials and thickness into a whole blank, in order to meet the requirement for different material performance [1, 2] . Using welding tailored blanks as automotive stamping parts has the following advantages. 1) The use of the tailored blanks for automotive design brings the convenience, improves the material utilization and reduces the fuel consumption.
2) The number of the parts is reduced. 3) Residual deformation after welding becomes smaller and the assembling precision is improved. 4) The welding quality is greatly improved and the automation is easy to realize. At the same time, there are also some difficulties in laser welding: 1) blanks with high linearity, 2) the wear of the stamping dies and the control of the seam movement [3, 4, 5, 6] . Although laser welding has been applied extensively abroad, it is still at its preliminary stage in China. This paper is under the background of the first domestic assembly line of laser welding to study the effect of processing parameters on welding performance.
II. TEST METHOD
Tests are conducted on the first automated domestic assembly line of laser welding. YAG Laser is used with the output power of 4kw. The output mode is TEM 00 . Laser spot diameter is 0.6mm. The materials are DC04, and the main chemical composition (mass fraction) is described as follow: C ≤ 0.12%, Si ≤ 0.05, Mn ≤ 0.5, P ≤ 0.035, S ≤ 0.035. The thickness of the blanks is 0.7mm and 1.5mm respectively. The length of the seam is 400mm. With the diameter of laser spot is only 0.6mm, it is necessary to control the straightness of the blanks within 0.05mm / m in order to ensure the accuracy of tests results. After welding, macro-morphology of the seams under different parameters is observed and the mechanical properties of the seams are studied. Vickers hardness tester is used to measure the seams, heat affected zones and the hardness distribution of the base metal. In order to optimize the process, parameters are studied and the database is established. The parameters of laser welding are in Table Ⅰ Note:1.defocus: when the focus is on the surface of the thick blank, the defocus is 0. The sign "+" indicates the focus is above the blank and "-" indicates the focus is below the blank. 2.offset: when the focusing spot is in the middle of the two blanks, the offset is 0. The sign "+" indicates the spot is on the side of the thick blank and "-"indicates it is on the side of the thin blank
III. TEST RESULTS AND ANALYSIS

A. Metallographic Analysis of the Welding Seam
This paper is written from the perspective of the laser welding process. Under different welding speed, defocus, and offset, tests are conducted to study the effect of the processing parameters to the performance of the seam in order to optimize the process.
1) The effect of welding speed to the metallic phase of the welding seam: Under the constant laser power, welding speed directly determines the energy of the assembly line(assembling energy λ = P / V, P is laser power, V is welding speed). The energy of the line is in inverse proportion to the welding speed. With the increase of welding speed, the energy is decreased. The crosssections of the seams under different speed are observed by using electronic microscope and the effect of the speed to the welding properties is studied. The metallic phases of the seams under different welding speed are shown in Figure 1 . The welding speed of a, b, c is 6.8m/min, 7.5m/min, 8.0m/min. The results show that with the increase of welding energy, waist and heat affected zone increase significantly. This is due to the effect of welding heat cycle and the grains growth of the seam and the zone. During the welding, a "keyhole" is generated. It allows the laser energy through the "inverse bremsstrahlung" to pass to the bottom blank. In the situation of single-side welding and double-side forming, excess energy makes the bottom of the blank melted, resulting in the formation of the waist. From the Figure a , b, c, it can be seen that with the increase of the speed, the waist will be reduced significantly. In addition, with the assembling energy unchanged, only changing the defocus and the offset, the waist size doesn't change significantly. It means that the formation of the waist has a certain relationship with the speed. Therefore, increasing the speed can reduce the formation of the waist.
2) The effect of defocus to the metallic phase of the welding seam: Laser welding is a kind of high-energy welding. The defocus reflects the energy between the laser and the blanks. At the focus, the energy density is the highest. With the increase or decrease of the defocus, the energy density will be reduced. With the other parameters unchanged, tests are conducted to study the effect of defocus to the metallic phase of the seam. In Figure 2 , the defocus in d, e, f is +1 mm,-0.4mm,-1.5mm. Figure 2 , it can be seen that if the other parameters are unchanged, under a small negative defocus, the seam has no obvious sharp corners. But under a large negative or positive defocus, sharp corners appear on the edge of the thick blank, such as the case of d and f. This is because the energy of the laser spot is in normal distribution. With the increase of the defocus, the energy density is reduced. Under a large defocus, there are no sharp corners on the edge of the thick blank because of the low density. Laser scanning is just like the heat treatment which can make the sharp corners with high hardness. During the stamping, the sharp corners will damage the mold and decrease the life of the mold. From the tests, it indicates that when the defocus is 1/4t (t is the blank thickness), the cross-section of the seam is the best.
3) The effect of offset to the metallic phase of the welding seam: Offset reflects the position relationship between the laser focus and the mid-side of the welding tailored blank. Under different offset, tests are conducted to study the effect of offset to the metallic phase of the welding seam. Test results are shown in Figure 3 .The offset in g, h, j is +0.2 mm, +0.08 mm,-0.15mm. The results show that with the increase of positive offset, the seam width increases. It is because that more metals are melted from the thick side of the blank by the laser. A large number of melting metals under the action of tension and gravity flow to the thin side and part of them fill into the gap. The other metals have not enough time to flow to the thin blank and they become to a solid and accumulate on the surface of the seam which makes the surface not smooth. The rough surface can affect the properties of stamping, make the seam harder, decrease the liquidity of the seam [7, 8] and increase the wear of the mold. Finally, the life of the mold will decrease. When the offset is negative, the welding seam seems not full and biting edge appears along the thin blank. Stress concentration makes the seam cracked during the stamping which can affect the properties of the blanks. When the offset is (0.05 ~ 0.1) mm, the seam surface is smooth and looks well.
B. Mechanical Properties of the Welding Seam
In this paper, tensile test and Erichsen test are conducted to study the mechanical properties of the welding seam. Tensile and Erichsen test data are in Table  Ⅱ . 
1) Tensile test:
The tensile test is conducted according to GB/T228-2002. The seam is in the middle of the test piece and the pull is perpendicular to the seam. Through the test, the tensile strength of the seam is measured. Tensile test results and stress-strain curves are shown in Figure 4 and 5. Under different parameters, the blanks are broken in the non-weld zone of the base metal. It indicates that the strength of the seam is higher than the base metal. With the high welding speed, lath-type martensites and bainites appear in the welding seam. The strength and hardness of lath-type martensites and bainites are higher than the base metal. From results, it can be seen that when using two steelblanks with different materials and thickness to weld, the mechanical properties of blanks depend on the thickness ratio. The blanks are destroyed in the thin side. It indicates that under different thickness, the properties of the blanks depend on the mechanical properties of the thin blank 2) Erichsen test: Erichsen test is conducted to study the deep punching ability of the welding seam. The Erichsen test results and load -displacement curves are shown in Figure 6 Test results show that the Erichsen number of the seam has a certain reduction than the base metal. With lower welding speed, the failure location is closer to the seam and the Erichsen value decreases more. This is due to the effect of the welding heat cycle. The seam grains grow which causes the ductility and toughness to become lower [9] . With the other parameters unchanged, only changing the offset and defocus, it has little influence on the test results. It is shown that the welding speed affects the test results. Therefore, improving the speed is beneficial to improve the seam deep punching performance. At the same time, by comparing the Erichsen test results and load -displacement curves, it can be found that when the steps face down, the test results are slightly smaller because of the different thickness of the blanks. With the steps face up or down, the binding force of the seams are different which will affect the movement of the welding seam. Figure 8 , it can be seen that the hardness distribution curve is steep and the seam hardness is high. With the increase of the welding speed, the curve becomes steeper and the width of the heat affected zone becomes narrower. There are a lot of martensites and bainites formed in welding seam which make the hardness of the seam higher than the base metal. So increasing the speed and refining the grains can improve the formability of the welding seam.
IV. CONCLUSIONS
The power of the welding assembly line has a significant influence on the waist. With the increase of the speed, the waist will be reduced significantly. Defocus and offset have a great influence on the performance of the seam. In the test, the seam with a smooth surface can be obtained by using a small negative defocus and a small positive offset. For the 0.7mm and 1.5mm blanks, tests are conducted with -0.4mm defocus and +0.1 mm offset in order to get the welding seams with good formability.
